Genetic parameters for some milk production traits were estimated in a herd of Holstein Friesian (HF) cattle in Egypt. A total number of 502 lactation records of 300 HF cows sired by 29 bulls form a herd belonging to Alexandria Copenhagen Company for Dairy and Meat Production was used in the present study. Data were collected during 7 years (2005)(2006)(2007)(2008)(2009)(2010)(2011) and analyzed using SAS and WOMBAT. Means of total milk yield (TMY), 305 day milk yield (305-DMY) and lactation period (LP) were 10718 kg, 8805 kg and 397 days, respectively. Parity had no significant effect on all traits, except for 305-DMY (P<0.0001). Season of calving, also, had no significant effect on all traits, except for LP (P<0.0025). Heritability estimates of TMY, 305-DMY and LP were 0.19, 0.25 and 0.15, respectively. The moderate estimate of heritability of 305 milk yield indicated that this trait could be made through selection as well as better managemental practices Repeatability of TMY, 305-DMY and LP were 0.48, 0.39 and 0.34, respectively. Positive genetic and phenotypic correlation coefficients were obtained for all traits and ranged from 0.01 to 0.77 and from 0.12 to 0.75, respectively. Results indicated possibility of genetic improvement of milk yield by selection for 305-DMY only due to having higher estimate of heritability compared to TMY, and also because of its reasonably high genetic correlation coefficient with TMY.
INTRODUCTION
High milk yield has been the primary selection objective in dairy cattle breeding. However, milk production performance of the Egyptian native cattle is very limited. Introduction of exotic dairy breeds into developing countries has been suggested as an option to improve milk production in such situations. Holstein Friesian cattle comprise the highest proportion of the exotic dairy animals in Egypt. In general, high yielding cattle are highly sensitive to diseases and high temperature (Mostageer et al., 1987) . Therefore, a great effort has been made to provide suitable and comfortable conditions to exotic animals for milk production in large-scale dairy farms in Egypt. During the last two decades, many studies threw the lights on productive and reproductive performance for Friesian (F) and Holstein Friesian (HF) cattle in Egypt (Nigm et al., 2003 , Fahim, 2004 , Alhammad, 2005 , Salem et al., 2006 , Abdel-Moez, 2007 , Abdel-Hamid, 2011 and Hammoud, 2013 .
Several methods have been suggested for routine genetic evaluation of dairy cattle for economically important traits. With the increase in computing capabilities in the 1980s, animal model (AM) was the method of choice. Early AM-based studies generally included records from multiple parities, but were single-trait or "repeatability" models. That is, genetic correlations of unity between parities were assumed, even though numerous studies have shown that this is not the case for milk production traits (Albuquerque et al., 1996) . Therefore, a "permanent environmental" factor was included to account for similarities between multiple records of the same animal that were not due to additive genetic factors. Jamrozik et al. (1997) noted that if incomplete evaluations are included in a lactation model analysis, differences in persistency during the lactation can cause the "RIP-dip" (records in progress -dip) phenomenon; the oftenobserved reduction in the genetic evaluation of elite sires that are returned to general service, based on their genetic evaluations from the first daughter crop. If first and later parities are included in the analysis, RIP-dip could also be caused by incomplete genetic correlations among parities.
Due to limited computing facilities available, most commercial multiparity-multitrait AM evaluations, including animals with incomplete pedigree information, have only involved a maximum of three parities, and a large part of the performance records are excluded. Previous studies have estimated genetic parameters for production and nonproduction traits by multitrait AM (e. g., Albuquerque et al., 1996, and Weller and Ezra, 2004) . Estimates of genetic parameters for milk yield from F and HF breeds kept in the subtropical and tropical regions were generally lower than those from the same breeds kept in temperate regions.
The objective of this study was to estimate genetic parameters (heritability, repeatability, and genetic and phenotypic correlation coefficients) for total milk yield, 305 day milk yield and lactation period using field data collected from a herd of Holstein Friesian cows reared in Egypt.
MATERIALS AND METHODS
This study was carried out on a HF herd belonging to Alexandria Copenhagen Company for Dairy and Meat Production, located about 45 kilometers south-west Alexandria city, Egypt. The data set was collected through Cattle Information System / Egypt (CISE) of Cairo University, during the period from 2005 to 2011 using lactation records of seven consecutive years. The data comprised a total of 502 lactation records of 300 cows that were sired by 29 bulls. Milk production traits considered in the study were total milk yield, TMY (kg); 305 day milk yield, 305-DMY (kg); and lactation period, LP (day).
Animals involved in this study were housed in well-ventilated sheds all the year round. They were fed on a total mixed ration (TMR) throughout the year. Nutrient requirements of dairy cattle recommended by the National Research Council (NRC, 2001) were offered according to cow's body weight, milk yield and stage of lactation. Fresh water was available all the time. Frozen semen, from the top 100 Total Performance Index (TPI) of Holstein bulls in USA and Canada, was used to artificially inseminate cows and heifers in order to preserve the genetic properties and purity of the breed. Heifers were served for the first time when reached 375 kg of weight. All lactating animals were machine milked three times daily at eight-hour intervals. The cows were dried off about two months prior to their expected calving date. A central recording system, operated by CISE, was practiced by a monthly visit to the farm to collect data in the respective testing periods. The animals were routinely vaccinated against common bacterial and viral diseases.
Data were analysed using SAS (2004) to test the significance of the fixed and random effects on the studied milk production traits using the following model: Yijklm = µ + gi + pej + Pk + Sl + (PS)kl + e ijklm Where, Y = the milk production traits, µ = overall mean, gi = random animal additive genetic effect i, gi ~ N (0, δg 2 ), pej = random effect of permanent environment i on the animal j, pej ~ N (0, δpe 2 ), Pk = fixed effect of parity k, (k = 1, 2, 3), Sl = fixed effect of season of calving l, (l = 1, 2, 3, 4), where 1 = Winter (December, January, February), 2 = Spring (March, April, May), 3 = Summer (June, July, August) and 4 = Autumn (September, October, November), PSkl = interaction effect between parity and season of calving, eijklm = random residual ~ N (0, δe 2 ). Genetic parameters including heritability (h 2 ), repeatability (t), genetic correlation (rg) and phenotypic correlation (rp) were estimated by using WOMBAT, a software package for quantitative genetic analyses of continuous variation traits, fitting a linear, mixed model; estimates of covariance components.
RESULTS AND DISCUSSION
Means and standard deviations (SD) of TMY, 305-DMY and LP are given in Table 1 . The unadjusted mean of TMY obtained in this study (10718 kg), was higher than corresponding values obtained in Egypt, which ranged between 3063 and 9888 kg as reported by Nigm (1990) , Abdel-Salam (2000) and Abdel-Hamid (2011) . On the other hand, Alhammad (2005) and Salem et al. (2006) recorded higher estimates for TMY than that obtained in the present study (13172 and 12054 kg). These differences are due to genotype, farm and managerial effects. In respect to 305-DMY, the value obtained in the present study (8805 kg) was extremely higher than that published by Abdel-Moez (2007, 6118 kg) . and was similar to that reported by Abdel-Hamid (2011, 8750 kg) .
The value obtained for LP (397 day) was higher than the corresponding values obtained in Egypt (374, 365, 382, 334 and 391 day reported by Nigm, 1990; Sadek et al., 1994; Abdel-Salam, 2000; Oudah, 2009; and Hammoud, 2013; respectively) . In contrast, Kassab (1995) and Salem et al. (2006) indicated higher values compared to LP length obtained in the current study (418 and 407 day, respectively).
Least squares means and analysis of variance (ANOVA) of TMY are presented in Table 2 . There was no significant effect of parity on TMY. This result is in agreement with Badawy (1994) , Kassab (1995) and Hammoud et al. (2013) , who reported that the effect of parity was not significant on TMY. Least squares means of TMY in the first, second and third parity were 10832, 11266 and 10603 kg, respectively.
Obviously the differences between second and first lactation was 434 kg, between second and third lactation was 663 kg, while the difference between first and third lactation it was 229 kg. Figure 1 shows that TMY in the second parity was higher than the first and third parity.
Least squares means and ANOVA of 305-DMY are shown in Table 2 . There was a significant effect (P< 0.0001) of parity on 305-DMY. This result agreed with Mokhtar et al. (1993) , Fahim (2004) and Alhammad (2005) .
The differences between second and first lactation was 1259.16 kg, second and third lactation was 320.41 kg, while the difference between third and first lactation was 938.75 kg. Figure 1 indicates an increase in 305-DMY in parity 2 compared to parity 1, followed by a decrease in parity 3 compared to parity 2. These results may be due to management system and the limited dataset used.
There was no significant effect of parity on LP. This result is similar to that reported by Mokhtar et al. (1993) . However, Sadek et al. (1994) found an opposite result where parity had significant effect on LP in Friesian cattle. Obviously, LP decreased gradually from parity 1 to parity 3, as shown in Figure 2 . This result can be attributed to variation in managerial practices in addition to the effect of climatic conditions. The reduction in LP with the advance in parity number could be justified by the failure of HF to adapt to climatic conditions in farm area.
Abdel-Salam (2000) noticed that the longest LP was in the second lactation, and then a gradual decrease was observed from the second to the fourth one. The decline of 305-DMY observed after the second lactation may be attributed to loss of adaptability of the high yielding cows to the prevailing environmental conditions. The season of calving had no significant effect on TMY, due probably to that the influence of climatic conditions was controlled by using efficient cooling system in summer. This result agreed with the findings of Alhammad (2005) and Salem et al. (2006) . Contradictory to this, Nigm et al. (1994) indicated that season of calving had significant effect on TMY of Friesian cows in United Arab Emirates (UAE). Also, Sadek et al. (1994) reported that season of calving had a highly significant effect on TMY of Friesian cows in commercial farms in Egypt. The effect of season of calving on TMY is shown in Figure 3 . Spring calvers had the highest TMY, winter and autumn calvers were intermediate, and summer ones produced the lowest yield of milk. The increased milk yield in spring could be attributed to better climatic conditions enhancing feed intake. However, the decreased milk yield in summer may be due to the high temperature degrees causing stress for lactating animals and reduction in feed intake.
In the same trend, season of calving had no significant effect on 305-DMY. A relative control of environmental factors and production situations taken by the farm board may resulted in light differences in 305-DMY from season to season. This result is in parallel with the findings published by Badawy (1994) . In contrast, Sadek et al. (1994) reported that season of calving had a highly significant effect on 305-DMY of Friesian cows in commercial farms in Egypt. Figure 3 shows that the highest 305-DMY was recorded for autumn followed by winter, spring and summer calvers. The changes in 305-DMY from season of calving to another may be due to the changes in climatic conditions, management and availability of forage resources in different seasons of the year. This finding was also noticed by Khattab and Sultan (1990) on Friesian cows and by Fahim (2004) on Holstein cattle in Egypt, where autumn calvers scored the greatest 305-DMY followed by winter and summer calvers, while the lowest was recorded for Holstein cows calved during spring. Differences could be attributed to the favorable climate conditions and availability of high quality green fodder during autumn and winter months.
With regard to the effect of season of calving on LP, Table 2 indicates that season of calving had a significant effect (P<0.0025) on LP. This result was in agreement with that obtained in Egypt by Alhammad (2005) , Abdel-Moez (2007) and Hammoud (2013) . On the other hand, non significant effect of season of calving on LP in Friesian cows was reported by Nigm et al. (1994) in UAE and Sadek et al. (1994) in Egypt. In the present study, spring calvers had the longest LP compared to the other seasons (Figure 4 ). This may be due to the influence of climatic conditions associated with the availability of green feeds in different seasons of the year. The interaction between parity and season of calving for TMY, 305-DMY and LP, had no significant effect as illustrated in Table 2 . The same results were obtained by Alhammad (2005) , who reported no significant effect of interaction of parity and season of calving for LP. These findings contradict the results of Alhammad (2005) , who indicated a highly significant interaction of parity and season of calving for both TMY and 305-DMY.
Heritability estimates (h 2 ) for milk production traits are shown in Table  3 . The h 2 for TMY was 0.19. This estimate was higher than those obtained in Egypt by Abdel-Salam (2000) and Alhammad (2005) , which were 0.09 and 0.06, respectively. However Abdel-Moez (2007), Abdel-Hamid (2011) and Hammoud (2013) reported greater estimates of h 2 (0.29, 0.29 and 0.44, respectively) in Egypt compared to our estimate. Generally, the h 2 estimate for the TMY obtained in the present study is in agreement with the previous literature despite the differences in data, models and estimation procedures. In respect to h 2 for 305-DMY, the estimate obtained in the present study was 0.25. This estimate shows close similarity to the one reported by Abdel-Moez (2007) on HF cattle which was 0.26. The current estimate of h 2 was higher than that indicated by Nigm et al. (2003) , Alhammad (2005) The estimate of h 2 for lactation period was 0.15, which was similar to the estimate of 0.14 reported by Kassab et al. (2001) . On the other hand, other research groups in Egypt reported lower or higher estimates of h 2 for LP compared to our estimate as indicated by El-Arian et al. (2003) , Alhammad (2005) and Abdel-Hamid (2011), who found 0.07, 0.03 and 0.19, respectively.
The heritability estimates obtained in the present study indicated low genetic to environmental variance ratios for both TMY and LP, while that ratio was medium for 305-DMY, reflecting differences in the response of cows to the existing environmental conditions. Heritability can't be estimated easily with great precision, and most h 2 estimates have rather large standard errors. Different estimates of the same character on the same organism show wide range of variation, some of which may reflect real differences between populations and/or the conditions under which they are studied (Falconer, 1982) .
The differences in estimates of heritability are due to the management system and environmental factors, which reflect genotype by environment interactions. The variation between results of the present study and other researchers are due to variation in genotypes, management, number of records and methods of analysis used. Generally, good management can play a major role in improvement of animal performance in TMY and LP.
Repeatability (t) was estimated for milk production traits as shown in Table 3 . The repeatability value for TMY was 0.48, which was higher than the estimate of 0.34 reported by Abdel-Salam (2000) .
The estimates of repeatability for 305-DMY was 0.39, which is the same to that reported by Abou-Bakr et al. (2000) for Holstein Friesian cattle in Egypt. Our estimate was slightly higher than the estimate of 0.35 obtained by Abdel-Salam (2000) (Falconer, 1982) .
Estimates of genetic (rg) and phenotypic (rp) correlation among the studied traits are presented in Table 4 . All correlations were positive ranging from 0.01 to 0.77 for rg and from 0.12 to 0.75 for rp. All genetic and phenotypic correlations were highly significant, except those between 305-DMY and LP (rg = 0.01 and rp = 0.12). Correlation occurs when one trait is selected for, and another trait is also changed. The highly positive rg and rp coefficients between TMY and both of 305-DMY and LP would result in a correlated response when selecting only for TMY. Therefore, selection for TMY only may induce genetic improvement in the other traits. The correlation estimates obtained in the present (Table 4 ) study were similar to those reported by Abdel-Moez (2007), who found positive genetic (0.93 and 0.75) and phenotypic (0.83 and 0.67) correlation coefficients for TMY with 305-DMY and LP for Holstein Friesian cattle in Egypt. Similarly, Khattab and Sultan (1990) obtained estimates of genetic correlation of 0.94, 0.68 and 0.44 between TMY and 305-DMY, between TMY and LP, and between 305-DMY and LP, respectively. All values of genetic and phenotypic correlation between TMY and the traits mentioned above are positive. The positive genetic correlation between two traits indicates that if one trait is genetically improved, the other trait(s) will also be improved, and vice versa (indirect selection).
In respect to the genetic correlation between 305-DMY and LP, Abdel-Moez (2007) and Oudah (2009) found positive rg coefficients (0.49 and 0.18). Considering rp estimates between the two traits, the same authors reported higher estimates (0.19 and 0.43), compared to our estimate.
CONCLUSION
Present heritability estimates for TMY, 305-DMY and LP indicate the possibility of genetic improvement in the traits under investigation. The moderate estimate of heritability for 305 DMY suggested that efforts could be made, thus , in bringing about the improvement in this trait through selective breeding as well as better managemental practices as a worldwide standard measure of an animal's genetic merit of milk production in routine international genetic evaluations for Holstein-Friesian dairy cattle, due to the positive genetic correlation favorable correlated response with TMY. Such favorable relationships among the traits of economic value would increase the efficiency of dairy enterprise.
